The deep ocean has memories going back 100 million years, and more. Ramming a steel tube into the seafloor is fine for getting samples for the last one percent of that, but to get the whole story one needs to use a floating drilling platform, a ship with a huge derrick over a hole in the center of the vessel, to handle a string of pipes armed with a drill bit that eats its way deep into the bottom (Fig.14.01 ). Sending a steel tube through the central hole of the bit, we can then sample the sediment well below the seafloor. The memories of the ocean are stored within fossil-bearing deposits dominated by calcareous forms: nannofossils and foraminifers. In many places, one also finds siliceous fossils: radiolarians and diatoms. Both planktonic and benthic fossils are represented, and they tell the stories of climate-driven changes in surface waters and in the waters in contact with the bottom.
There are four great themes that emerge from the study of deposits on land and on the seafloor, as follows. Furthest back there is the ancient warm ocean, whose oxygen content was low and whose climatic fluctuations were subdued. Shallow seas were widespread on the continents. In North America, for example, an enormous seaway reached from the Gulf of Mexico into the Arctic. Great marine reptiles dominated the scene in these seas -ichthyosaurs, plesiosaurs, mosasaurs, turtles and crocodiles. Mollusks were represented by the usual assortment of clams and snails, as well as a rich variety of ammonites and belemnites, with some bivalves building substantial reefs. Then suddenly, about 65 million years ago, came death from the heavens, in the shape of an "asteroids," an enormous chunk of rock on an erratic path in the solar system. Instead of falling into the Sun (the most common fate of such rocks) or into Jupiter's atmosphere (the second most common), it hit Earth, setting off calamitous consequences. Devastation was abrupt, global, and thorough. After this horrifying scene came a period of recovery, lasting many millions of years. Again the ocean was warm, even unusually warm in one brief period. Finally there arrived the time of the great cooling, starting 40 million years ago. The shelf seas retreated. Ice started building up at the South Pole. Deep waters became cold. The Drake Passage opened and strong winds circling the Antarctic drove a great ring of cold water around it as in a merry-go-round. Productivity of the sea responded, and life flourished in the southern ring current. Continued cooling generated strong trade winds and coastal upwelling where these winds blew along the shores. Marine mammals and birds responded with bursts of diversification. Finally, the cooling brought ice to the northern landmasses that surround the Arctic sea, beginning seven million years ago. Being so far from the pole, however, this ice buildup was highly unstable, and its coming and going helped generate enormous climate fluctuations. The great cooling from 40 million years ago to the ice ages with their waxing and waning northern ice shields: that is the central theme of the "Cenozoic" (Fig. 14.02 ). It is the period referred to as the "Age of Mammals," and it produced the largest organisms on the planet, the "great whales." . The Mesozoic seas bore warm-water creatures (plesiosaurs, ichthyosaurs, ammonites, rudist) that went extinct at the KT-Event (1), and others that did not (turtles, eels) but entered the earliest Tertiary (2). The onset of cooling in the Eocene (3), with a sudden temperature drop at its end (4) led to the buildup of ice (medium gray, 5). Twenty million years later (6) large ice sheets started to dominate Antarctica, and another 17 million years later (7) such ice sheets expanded in Greenland and (sporadically) in Canada and Scandinavia. The evolution of whales, seabirds and seals is closely tied to this history of cooling steps. In the Quaternary, corals evolved fast-growing forms that can cope with large and repeated change of sealevel. Note the expansion of the time scale toward the right (that is, the present). Fig. 14.14. Cyclic changes in calcareous deepsea sediments: evidence that subtle changes in seasonality (tied to the eccentricity of the orbit) produced cycles in deepwater production and ocean productivity in the Late Cretaceous. Miller et al. 1987; 3, Bukry and Bramlette, 1969; 4, SIO Annual Report 1983 (E. Vincent); 5, ODP; 6, Haq 1981; 7, C. Chun in O. Krűmmel 1907; 8, orig., background graph J. Thiede et al., AWI; 9, Berger, Vincent, Thierstein, 1981; 10, orig.; 11, Hauff Palaeontological Museum (ichthyosaur) Okada, 1979, cited in E. Seibold and W.H. Berger, 1993 (ibid.); W.A. Berggren, 1972, cited in E. Seibold and W.H. Berger, 1993 (ibid.) . Fig. 14.18 . The climate history of the Antarctic and the ice-bearing sea around it provides a crucial element in tracing the evolution of the ocean toward modern conditions.
